Numerical modeling is frequently used in coastal engineering research and application. One possible issue associated with using this method however, is that initial outcomes might differ from expectation. Modeling manipulation addresses this issue by changing the initial parameters which in turn affects the final output results.
Introduction
Numerical modeling is frequently used in coastal engineering research and application. Typically, a comprehensive coastal engineering numerical model software package contains several modules: transport-dispersion; hydrodynamics; water quality; sediment; wind and wave effects. The modern modeling systems tend to include more modules dealing with different coastal processes, as well as encapsulate more contemporary knowledge in order to provide assistance to engineers who may not be expert numerical modelers.
As described by Abbott [2] , numerical modeling is a process which transforms the knowledge of natural water phenomena into digital forms, allows for a complete computer simulation and then translates the digital experimental results into new knowledge. Through this process, our understanding can be heightened. To clarify, numerical modeling can be considered as the interaction between knowledge and information in the form of:
In this context, knowledge exists in a format comprehensible to people whilst information is in a primitive code solely for use in computer processing.
For numerical modeling in coastal zones, the first step from knowledge to information is the selection of a suitable model together with model parameters, whilst the second step from information to knowledge includes the postprocessing of result data. The term 'modeling manipulation' is a process of feed back and modification comprising the above two steps. It is possible that modeling manipulation exists as a lengthy process and whether or not it finally results in satisfactory simulation is very much dependent on the experience of the modeler. In this context, satisfactory simulation means that the simulation results are within acceptable error tolerances regarding the verification of real phenomena or measurement data. Ragas et al. [15] have compared eleven UK and USA water quality models used in establishing discharge criteria and found that model selection is a complicated process of matching model features with particular situations. If the selection of the numerical model and the values of the model parameters have been obtained with a high degree of accuracy, the process from knowledge to information has been completed. It is possible, however, especially for non-expert users of the numerical model, that the selection of modeling parameters is accompanied with a moderate degree of accuracy. In this context, the degree of accuracy is measured inversely in terms of the error between the simulation results and the verifying data -a higher degree of accuracy represents smaller error and vice versa. The user's selection of model parameters may be modified many times before they can attain satisfactory simulation results.
In modeling manipulation, knowledge is integrated together. Knowledge in a modeling process context, refers to: real physical observations; mathematical description of the water movement or water quality; the discretization of governing equations for the physical and chemical processes; the numerical algorithm; and, the analysis of various numerical modeling outputs. For experts in numerical modeling, the knowledge mentioned above may be used subconsciously, as they would know most of the domain knowledge on selection and calibration of numerical modeling in flow and water quality. Experts within this field however, may not know how to convey their knowledge to the model users and/or how to apply recent artificial intelligence (AI) technology to bridge the existing gap between modelers and practitioners in this field. According to Abbott [1], numerical modeling system developments regarding a user-friendly interface and postprocessing were undertaken in the fourth generation system with AI technology to be integrated in the fifth generation to provide assistance for non-experienced users. Successful applications of expert system technology have been reported on the selection of numerical model in coastal engineering [4,10,11] . If the knowledge relating to modeling manipulation is encapsulated in the form of a knowledge base and then integrated into a schema, the fifth generation system will be more powerful. The principal objective of this study is to develop a systematic intelligent coding schema to represent and organise current coastal engineering modeling manipulation knowledge into a standardised format with a modern shell.
Procedure of modeling manipulation
The manipulation process begins from the selection of a random model and ends with the satisfactory simulation of a specific real phenomenon. The intermediate process comprises the determination of the direction to improve the modeling simulation by changing some of the model parameters. The usual detailed process can be delineated as:
randomly select a numerical model → run it → estimate the accuracy of the model results → find a direction to modify some parameters → revise the parameters → raise the pertaining accuracy.
After several iterative cycles when the model results meet the threshold of error tolerance specified by the user, the process is considered completed.
Experts themselves usually keep some fundamental modeling selections unchanged during the manipulation. For example, after it was reported in the literature [13] that ADI modeling could be applied in two-dimensional computational space for many two dimensional tidal dynamics modeling, an ADI model was used. The discretization method and algorithm scheme of the model were kept unchanged. Previously, when researchers used two-dimensional modeling in coastal engineering, only the bottom friction coefficient was varied [6] . Presently, although researchers frequently use three-dimensional modeling, they normally keep some fundamental parameters of popular models unchanged to ensure that the lowest number of parameters are changed. For example, engineers often employ the widely accepted POM model [14] to coastal dynamics simulation. The coordinate system, grid setting, numerical scheme in both time and space are kept the same with the original POM model, whilst only the turbulence coefficients in the vertical and horizontal directions are changed to seek better simulation results [5] . Another example is in dispersion-transport modeling. After the ELM model [12] was reported to increase accuracy, the numerical schemes were kept the same, with only the dispersion coefficient being changed. One more example is in water quality modeling. Researchers endeavouring to simulate eutrophication (red tide) took sun light variation into consideration as the current literature suggested that algal behaviour was closely related to respiration and water temperature [3] .
These examples reflect that human intelligence uses existing knowledge to reduce the number of choices in modeling manipulation. Accordingly, it tends to change one or two parameters in the process rather than changing many parameters simultaneously. It is possible that if the model users modify many parameters at the same time, they may easily get lost regarding the direction of the modification. Many traditional modeling systems have integrated a vast quantity of field data to describe real phenomena for verifying numerical simulation results. In some fourth generation modeling systems, automatic checking and warning prompts are designed to facilitate verification between modeling results and real observation data, thus in turn to improve modeling manipulation.
Balance between accuracy and efficiency
A numerical model is a tool to simulate a physical problem by solving differential equations. It is often constructed on the basis of some ideal physical and chemical equations. However, model parameters such as the bottom frictional coefficient, turbulence and kinetic coefficients, to name a few, can be adjusted within a certain range in order to mimic the real environmental phenomena. Modeling accuracy is then determined by comparing simulation results with field data. In modeling manipulation of coastal engineering, the final aim is to obtain a satisfactory simulation, however, since the number of computers used, in conjunction with the memory and computer speed is often limited, we have to strike a balance between modeling accuracy and efficiency. In this situation, efficiency is measured in terms of the time taken by a numerical modeler to complete the modeling process with a desired degree of accuracy. For some engineering problems, accuracy is very important. For some research problems, to understand the general process of the phenomenon and mechanism, modeling efficiency becomes more important. In other words, the term 'satisfactory' depends largely on the user's requirement in the relationship between modeling accuracy and efficiency, which form the two directions in the manipulation process. There exist methods to change the parameters to improve modeling accuracy as shown in figure 1 and also methods to enhance modeling efficiency, as shown in figure 2.
Expert system shell
The knowledge-based system development environment for this prototype intelligent system is Visual Rule Studio (VRS), which acts as an ActiveX Designer under the Microsoft Visual Basic programming environment [16] . VRS
